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Objectives: To assess the effect on renal blood flow and renal function of placing a Wallstent (Schneider (Europe) AG) 
across the renal artery origins in an animal model. 
Design: Laboratory animal study. 
Materials and methods: Six Large White pigs had Wallstents placed across the origins of one or both renal arteries. 
Preoperative jugular venous blood samples were submitted for blood count and urea and electrolyte stimation. The pigs 
were recovered for 6 weeks. At sacrifice the renal arteries and their origins were examined by aortography and direct 
pressure measurements were recorded from the renal arteries and both the stented and unstented portions of the aorta. Renal 
venous blood samples were submitted for blood count, urea and electrolyte and renin estimation while renal arterial blood 
samples were submitted to examination for red blood cell fragmentation. The aorta with contained stent, renal arteries and 
kidneys were submitted for histological examination. 
Results: At sacrifice no renal arteries had occluded and the stent-covered origins appeared normal with no evidence of 
stenosis. This was confirmed histologically. There was no statistically significant difference between the arterial pressures 
measured in the stented and unstented portions of aorta and the renal arteries whether or not their origins had been covered 
by the stent. There was no statistically significant difference between the urea and electrolyte and renin levels of renal 
venous blood samples irrespective of whether or not the relevant kidney had a stent across its renal artery origin. Renal 
arterial blood samples howed no evidence of red blood cell fragmentation and histological examination of the kidneys 
showed no evidence of infarction or micro-emboli. Examination of the specimens by light and scanning electron microscopy 
demonstrated partial endothelialisation of the stents but the renal artery origins remained widely patent despite being 
crossed by at least one wire in all cases. 
Conclusions: It may be necessary to place stents across renal artery origins during endovascular repair of abdominal aortic 
aneurysms. It would appear that covering renal artery origins with a Wallstent has no effect on renal perfusion pressure 
or function in this short-term animal model. 
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Introduction 
There is rapidly-growing interest in the endovascular 
repair of infrarenal abdominal aortic aneurysms as a 
technique with potentially lower morbidity and perio- 
perative mortality than conventional repair. All stent- 
graft combinations and covered stent devices cur- 
rently available rely upon direct radial pressure 
exerted by the stent to create a haemostatic seal 
between the graft material and native aortic wall 
proximal and distal to the aneurysm. This fixation 
may be augmented by the use of hooks or barbs on the 
proximal stent o resist caudal migration of the device. 
*Please address all correspondence to: Mr J.D. Beard, Consultant 
Vascular Surgeon, The Sheffield Vascular Institute, Northern Gen- 
eral Hospital, Sheffield $5 7AU, U.K. 
Unfortunately there is often a very short segment of 
non-aneurysmal aorta caudal to the renal artery 
origins and in some cases the aneurysm begins 
directly at their level. This severely limits the propor- 
tion of aneurysms that are suitable for endovascular 
repair. In addition the aneurysmal process is likely to 
continue in areas of the aorta not protected by the 
endoluminal device and this may result in later 
loosening of the proximal stent and caudal migration 
of the device. The region of the abdominal aorta which 
appears to dilate most slowly is that directly adjacent 
to the renal artery origins and, in theory, this would be 
the ideal place to site the proximal stent. Not surpris- 
ingls~ few people are at ease with the idea of placing 
an intraluminal stent across the renal artery origins 
and there have been anecdotal reports (although 
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nothing published) of renal artery thrombosis follow- 
ing such inadvertent s ent placement. 
There have been surprisingly few animal studies of 
the effects of placing stents across the renal artery 
origins. One such study demonstrated thrombosis of 
one renal artery out of 10 covered by Gianturco 
stents. 1 Two other studies claim that Gianturco stents 
can safely be placed across the renal artery origins. 2's 
Our initial experience with Wallstents in an animal 
aneurysm model 4 suggested that such placement 
would have no significant effect on renal blood flow or 
function and it was therefore decided to study this 
further. 
Materials and Methods 
Six 60kg female Large White pigs were sedated with 
Azaperone 8mg/kg i.m. and anaesthesia induced by 
propofol 2.5mg/kg i.v. The pigs were then intubated 
and maintained with spontaneous ventilation on 
oxygen and Halothane 2,-4% and clinical monitoring. 
The pigs were secured supine on the operating table. 
In each animal the left internal jugular vein and 
common carotid artery were exposed through a 
longitudinal eft cervical incision. Jugular venous 
blood was obtained and the specimens submitted for 
estimation of full blood count (FBC) and urea and 
electrolytes (U&E) prior to the administration of 
Heparin 5000 units i.v. The common carotid artery was 
controlled caudally and ligated cranially before per- 
forming arteriography of the abdominal aorta by this 
route after direct arterial puncture. A 14mm 48-wire 
Wallstent (Schneider (Europe) AG) was deployed in 
the perirenal aorta such that it lay across the origin of 
one renal artery in three cases and both renal arteries 
in a further three cases. After satisfactory positioning 
of the stent the delivery system was withdrawn and 
the common carotid artery was ligated in continuity. 
The cervical wound was closed using subcuticular 2/0 
polyglycolic acid suture material and the pig was 
recovered. 
Six weeks after stenting each pig was re-anaes- 
thetised and aortography was performed via direct 
arterial puncture of the right common carotid artery. A 
laparotomy was then performed through a midline 
incision. Samples of renal venous blood were obtained 
from each renal vein and submitted for estimation of 
U&E and renin. Intra-arterial pressure was measured 
in the aorta cranial to the stent, within the stent lumen 
and in each renal rtery using a standard invasive 
blood pressure monitor attached to a 21G needle by an 
extension tube. Renal arterial blood samples were 
obtained and submitted for examination todetect any 
evidence of red blood cell fragmentation. The pig was 
then killed by a barbiturate overdose and exsanguina- 
tion prior to the excision of the stented aorta, renal 
arteries and kidneys en-bloc for histological examina- 
tion by gross inspection, light and electron 
microscopy. 
The design and prosecution of the study conformed 
to U.K. Home Office regulations as did the conditions 
in which the animals were housed. Results of pressure 
measurements, haematological analyses and biochem- 
ical assays were treated as crude figures without 
statistical analysis since the object was to detect 
changes in each parameter using each pig as its own 
control. This enabled the sample size to be kept low. 
Results 
All stents were placed accurately with ease and all 
animals remained well throughout the study period. 
Aortography at the time of sacrifice demonstrated no
abnormality of renal artery blood flow in those vessels 
whose origins had been crossed by the stents and 
there was no radiological evidence of renal artery 
thrombosis or ostial stenosis (Fig.l). 
There were no significant differences between pre- 
and post-stenting estimates of FBC and U&E even if 
both renal artery origins had been crossed by the stent 
(Table 1). Similarly there were no significant differ- 
ences between renal venous U&E or renin levels when 
the two sides were compared in cases where only one 
Fig. 1. Aortogram 6 weeks after stenting demonstrating thestent 
across the right renal artery origin leaving the left ostium patent. 
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renal artery origin had been crossed by  the stent (Table 
2). Blood film examinat ion of the renal arterial b lood 
samples showed no evidence of red b lood cell frag- 
mentat ion even when elements of the stent had 
crossed the ostium. 
Gross examinat ion of the resected specimens 
showed no evidence of renal infarcts or renal artery 
ostial stenosis. Macroscopic inspection of the luminal  
surface of the stents showed partial coverage of the 
stent wires by  a thin, gl istening layer. This layer 
appeared cellular and the cells had the morphological  
characteristics of endothelial  cells on scanning electron 
microscopy (SEM). Light microscopy us ing haematox-  
yl in and eosin (H&E) staining demonstrated elon- 
gated cells arranged in a stratified fashion with a 
thickness of up to five cells. The majority of these cells 
had spindle-shaped nuclei but the occasional cell had 
a nucleus more typical of endothelial  cells. Unfortu-  
nately transmission electron microscopy (TEM) failed 
Table 1. Serum renin estimates from selective renal venous 
samples 
to demonstrate any organelles pecific to endothel ium 
(basement membrane  or Weibel-Palade bodies). Sim- 
ilarly the cells did not stain with immunocytochemica l  
techniques for the human endothel ial  markers Factor 
VIII, Von Wil lebrand Factor (VWF), CD31, CD34 or 
Q-BEND 10. This layer was entirely absent over the 
renal artery origins in all cases (Fig.2). Where the stent 
lay across a renal artery origin there was always at 
least one wire stent element across that ost ium and 
area-mapping showed that there was a constant wire 
coverage of 30% of the en-face area of the ostium. 
There was no mural  thrombus in either the stented 
aorta or renal arteries and SEM did not demonstrate 
any platelet or red b lood cell adhesion to the bare 
wires of the stent over the renal ostia. 
The kidneys and renal artery origins were sectioned 
and submitted to light microscopy which demon-  
strated no evidence of renal infarcts, microembol i  or 
renal artery ostial stenosis by  fibrosis or f ibro-intimal 
hyperplasia in those specimens where a stent had 
been dep loyed across the renal artery origin. 
Renal venous 
Pig. No. Renal origin Covered by stent? renin (pmol/ml) 
1 Right Yes 9.1 
Left No 7.0 
2 Right No 5.1 
Left Yes 0.4 
3 Right No 5.8 
Left Yes 10.6 
4 Right Yes 7.8 
Left Yes 7.0 
5 Right Yes 2.5 
Left Yes 0.2 
6 Right Yes 5.1 
Left Yes 3.1 
Discussion 
The purpose of this s tudy was to confirm our  initial 
experience that placing a 48-wire Wallstent across the 
origin of a renal artery wou ld  make no significant 
difference to the perfusion or function of that kidney. 
We had no access to direct f lowmetry equipment  and, 
as previously described by  us, the renal arteries are 
difficult to insonate accurately in a pig with a 
juxtarenal aortic stent mak ing Doppler  f lowmetry  
unreliable. Instead it was decided to use a variety of 
Table 2. Comparative parameters expressed in standard units. Pl=Aortic pressure proximal to the stent; P2=Pressure within the stent 
lumen; P3=Renal artery pressures 
Renal Na K Urea Creat Bicarb Hb Plats P1 P2 P3 
PigNo. Artery Covered (retool/l) (retool/l) (mmol/1) (~rnol/1) (mmol/I) (g/dl) (xl03/rnm 3) Fragments (mm/Hg) (mm/Hg) (mm/Hg) 
1 Prestent 135 3.5 2.0 164 30 9.7 334 40/30 58/38 
Right Yes 138 3.8 2.7 132 34 9.7 243 No 38/34 
Left No 141 3.6 3.0 115 36 9.9 246 No 50/45 
2 Prestent 140 3.5 3.9 142 34 9.6 312 55/45 75/55 
Right No 142 3.7 2.9 134 34 7.2 273 No 55/45 
Left Yes 140 4.0 3.5 158 32 10.1 264 No 65/55 
3 Prestent 141 3.4 4.6 158 33 9.2 314 65/45 60/40 
Right No 143 4.2 5.8 189 31 9.0 348 No 60/40 
Left Yes 144 4.1 5.8 175 31 8.9 356 No 70/50 
4 Prestent 142 3.4 3.2 146 33 8.0 380 47/30 55/43 
Right Yes 145 4.2 4.9 152 37 11.1 336 No 50/40 
Left Yes 145 4.2 5.1 143 36 10.9 357 No 50/40 
5 Prestent 141 3.6 4.2 143 35 9.8 302 110/80 120/90 
Right Yes 140 3.2 3.7 122 36 10.9 275 No 100/70 
Left Yes 139 3.6 4.0 156 34 10.9 240 No 110/80 
6 Prestent 140 4.2 4.6 175 33 9.9 119 94/70 75/60 
Right Yes 141 4.7 4.5 184 30 9.3 305 No 74/55 
Left Yes 142 4.8 4.6 189 32 9.1 291 No 70/55 
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indirect measures of renal blood flow, perfusion and 
function to achieve the same goal. From our initial 
study using the animal aneurysm odel we knew that 
the majority of Large White pigs have renal arteries 
which arise approximately 10mm apart along the 
abdominal aorta. This would allow us to deploy the 
stent across one renal artery ostium while leaving the 
other bare; in this way each pig would act as its own 
control. 
As in our previous tudy, aortography showed no 
delay in contrast entry into a renal artery whose origin 
had been crossed by a Wallstent when compared to 
the contralateral 'unstented' vessel. Similarly there 
were no significant differences in estimates of U&E 
and renin in blood samples taken from renal veins 
draining kidneys whose arterial origins had been 
covered when compared with the contralateral 'con- 
trol' kidneys. 
There was a small pressure gradient across the stent 
at the renal artery origin but the renal artery pressure 
in the stent-covered vessel was not significantly 
different from that of the uncovered contralateral renal 
artery. Both of these pressures were similar to the 
pressure recorded in the aorta immediately proximal 
to the stent. The intraluminal pressure within the stent 
is seen to be slightly higher and with a wider pulse 
pressure than that in the adjacent native aorta, 
presumably because of the rigidity of the stent/aorta 
complex. This observation allowed us to use the aortic 
pressure above the stent as the 'control' when both 
renal origins were covered in the later pigs. In those 
later pigs there w re no significant differences in pre- 
Fig. 2. View of the renal artery origin from within the stent lumen. 
Note the cellular coating of the stent except in the region of the renal 
ostium. (Low power SEM--magnification 20 × ). 
and post-stenting U&E estimates despite the stent 
across both renal artery origins. 
Naked-eye xamination of the resected post-mor- 
tem specimens revealed no evidence of mural throm- 
bus, renal infarct or renal artery occlusion/stenosis. 
These findings were confirmed by light microscopy. 
There was no microscopic evidence of microemboli 
and renal artery blood film examination demonstrated 
no evidence of red blood cell fragmentation despite 
the fact that at least one stent wire lay across the orifice 
of each stent-covered vessel and that this resulted in a 
constant 30% coverage of the en-face area of the renal 
artery origin. 
All stents howed partial covering of the wires by a 
thin layer of the cells of which demonstrated the 
morphological characteristics of endothelial cells on 
SEM and light microscopy with H&E staining. This 
layer was entirely absent in the r gions of the renal 
artery origins. Light microscopy suggested some 
degree of neointimal hyperplasia with elongated cells 
appearing in layers up to five cells in depth. Most of 
these cells contained spindle-shaped nuclei suggesting 
that they may be myofibroblasts but there was the 
occasional cell which appeared more typical of endo- 
thelial cells. Unfortunately TEM failed to demonstrate 
organelles specific to endothelial cells (Weibel-Palade 
bodies and basement membrane) and attempts at 
immunocytochemical identification using the human 
endothelial markers Factor VIII, VWF, CD31, CD34 
and Q-BEND 10 were likewise inconclusive. These 
negative findings must be taken in context and it is 
important to note that we failed to identify Weibel- 
Palade bodies or achieve positive results with the 
immunocytochemical markers in endothelium 
stripped from the adjacent ormal aorta. On balance it 
would appear that the cellular covering on the luminal 
surface of the stents is probably achieved by neointi- 
mal hyperplasia through the interstices of the stent. 
The findings presented reflect he situation 6weeks 
after deployment ofa 48-wire Wallstent in the abdomi- 
nal aorta of an animal model with healthy vessels and 
may not reflect he outcome of a similar deployment in 
an atherosclerotic human aorta with narrowed renal 
artery ostia. Nevertheless they do demonstrate hat, 
within this time interval, the luminal surface of the 
Wallstent becomes covered by a cellular layer which is 
entirely absent at the renal artery origins and repre- 
sent the first published evidence that deploying a 
Wallstent across the origins of the renal arteries in an 
animal model appears to have no serious conse- 
quences on renal perfusion pressure or function in the 
short-term. 
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